Introduction
Chronic endurance exercise has been shown to result in a decrement in resting blood pressure. 1, 2 In addition, a single acute bout of exercise can cause a transient lowering of blood pressure in the period following exercise. This was first documented by Fitzgerald 3 who anecdotally reported the temporary decrease of his hypertension following acute sessions of jogging. Although this phenomenon has received little attention, more recent investigations have focused on potential mechanisms. 4, 5 Unfortunately, the characteristics of the post-exercise hypotension (PEH) and the exercise needed to elicit it have not been well outlined.
In examining the effects of exercise duration, Bennett et al 4 have suggested that, in hypertensive subjects, the magnitude of the pressure decrement increases with an increased duration of exercise, but could not substantiate this in a normotensive population. In that study, however, blood pressure was measured during 3-min rest periods following successive 10-min exercise bouts. A brief hypotension immediately following exercise is often attributed to a pooling of blood in the vasodilated muscle beds. The mechanism of such decrements immediately lowing exercise, blood pressure was monitored as in study 1. SBP was similar between both trials and was reduced from baseline at 5 through 60 min post-exercise. The largest decrement of SBP was 14 mm Hg and occurred 15 min post-exercise. DBP was also unaffected by the duration of exercise and was lower than preexercise levels at 5 min and again at 15 through 45 min post-exercise. Mean arterial pressure (MAP) also showed significant decrements throughout the entire 1 h post-exercise period by a maximum of 9 mm Hg at 15 min post-exercise, irrespective of exercise duration. We conclude that moderately intense exercise may be as brief as 10 min in duration in order to elicit a decrease in resting blood pressure and may have potential benefits as a non-pharmacological aid to hypertension. Journal of Human Hypertension (2000) 14, 125-129 following exercise may be considerably different from those involved in the PEH, which has been documented to last for 1 h or more (ie, MacDonald et al 6 
).
We have recently shown significant reductions in post-exercise blood pressure following as little as ෂ13 min of cycle ergometry at 65% of V O 2 Peak , 6 while others have observed PEH following exercise durations lasting between 20 and 170 min. [7] [8] [9] [10] However, inter-experimental comparisons are difficult, since a variety of exercise intensities and blood pressure measurement techniques have been used.
Although little is known about the causative mechanisms for PEH, it seems plausible that, in addition to the chronic effects of exercise, an acute bout may also have the potential to serve as a nonpharmacological intervention in the control of hypertension. Before further mechanistic studies are undertaken, it is important to accurately describe the exercise conditions that elicit PEH. The purpose of these studies was, therefore, to determine the effects of different exercise durations on the magnitude of the post-exercise hypotensive response.
Subjects and methods
Data presented in this paper was collected with the Finapres (Ohmeda, Louisville, CO, USA) blood pressure monitor. Ourselves and others have previously validated this method for baseline and postexercise measurements. [11] [12] [13] In our hands, steady- 
Preliminary testing
Before each study, subjects' maximal oxygen uptake (V O 2 Peak ) was determined using an open circuit spirometry, incremental cycle ergometry test as previously described. 6 All subjects also provided typical 4-day diet records (3 weekday, 1 weekend day). From these, average daily caloric intake was estimated and habitual diets were designed to be ingested on the day before testing and on the testing day. These diets approximated each subject's average caloric content and restricted the consumption of stimulants and depressants known to affect blood pressure (eg, caffeine and alcohol). Additionally, on those days, physical activity was minimal and consistent between trials.
On 5 separate days, participants were required to undergo resting Finapres blood pressure measurement after a seated period of 20-30 min. The systolic and diastolic blood pressure values from each day were averaged and 1 standard deviation (s.d.) was calculated. If, during one of the experimental trials, initial resting pressure (either systolic or diastolic) was not within 1 s.d. of this pre-trial average, the test was terminated and rescheduled for another day. This occurred during three trials.
Study No. 1-The effects of 15, 30 and 45 min of exercise
Subjects: Thirteen normotensive, recreationally active males aged 22 ± 0.8 (mean ± s.d.) years, with a mean height of 179 ± 8 cm and a mean weight of 79 ± 14 kg volunteered to participate in the study. This study was approved by the McMaster University Human Ethics Committee, and subjects were advised of the risks associated with the protocol before providing written informed consent.
Methods: Participants completed a sub-maximal cycling protocol on 3 separate days. On each occasion, after a 4-h fast, the subjects reported to the laboratory and remained quietly seated for 30 min. They then underwent resting Finapres blood pressure measurements verified by auscultation. The Finapres transducer was placed at midsternal level and coupled to an on-line data acquisition package (Windaq/200, DataQ Instruments Inc, Akron, OH, USA) sampling at a frequency of 300 Hz. Calibration of the Finapres was completed using an internal calibration sequence as well as a mercury manometer. The transducer was calibrated to show a linear response between 0 and 300 mm Hg. Testing was completed in a randomised, repeated measures fashion such that each subject performed bouts of 15, 30 and 45 min of cycle ergometry at a power output which elicited 70% V O 2 Peak .
Finapres blood pressure was monitored continuously throughout the session with 2-min windows recorded at rest, 5, 10, 15, 30, 45 and 60 min postexercise for subsequent analysis. During the 45 min of cycle ergometry trial, finger tip blood samples were taken at rest, after each 15 min of exercise and after each post-exercise pressure monitoring time point for the determination of haematocrit (Hct).
Oxygen consumption (V O 2 ) was monitored periodically during exercise and during recovery at the time points listed above.
Study No. 2-The effects of 10 and 30 min of exercise
Given the somewhat unexpected findings in study 1 that 15 min of exercise resulted in similar postexercise hypotension as that following 45 min of exercise, we decided to investigate the effects of 10 min of exercise on recovery blood pressure. In addition, because of our interest in the potential application of such exercise as an aid for controlling hypertension, we decided to recruit a more hypertensive group of subjects.
Subjects: Eight borderline hypertensive, recreationally active participants (two female, six male) aged 23 ± 4 (mean ± s.d.) years, with a mean height of 177 ± 12 cm and a mean weight of 79 ± 4 kg volunteered to participate in the study. The McMaster University Human Ethics Committee approved this study and subjects were advised of any risks associated with the protocol and provided written informed consent.
Methods: Methods were as above in study 1. Testing was completed in a randomised, repeated measures design such that each subject performed bouts of 10 and 30 min of cycle ergometry at a power output which elicited 70% V O 2 Peak . All blood pressure, heart rate and V O 2 measures were completed as in study 1.
Analysis: For both studies, blood pressure waveforms were analysed using the Windaq data analysis program (DataQ Instruments Inc.). Systolic (SBP) and diastolic blood pressure (DBP) were calculated as the highest point in the waveform and the lowest point in the waveform before the last inflection point, respectively. Mean arterial pressure (MAP) was determined by the quotient of the integrated pressure and the duration of the time interval.
All blood pressure and oxygen consumption variables were assessed using single, two-factor repeated measures ANOVAs with trial and time of measurement as the repeated measures. Haematocrit was assessed using a single factor, repeated measures ANOVA with time of measurement as the repeated measure. The Tukey Honestly Significant Difference (HSD) method was used to identify the location of any significant differences. A probability level of P Ͻ 0.05 was considered statistically significant. All values are expressed as mean ± s.d.
Results

Study No. 1-The effects of 15, 30 and 45 minutes of exercise
The effects of exercise on post-exercise blood pressure are illustrated in Figure 1 . SBP was significantly (F(6,72) = 9.31, P Ͻ 0.01) reduced from pre-exercise values between 5 and 60 min post-exercise, inclusive. This was independent of exercise duration. The nadir of the response occurred at 45 min post-exercise and was 12 mm Hg below pre-exercise values (126.0 ± 13.4 vs 114.3 ± 13.5). Although the duration of exercise had no statistical effect on the magnitude of this response (F(12,144) = 1.36, P Ͼ 0.05), SBP appeared to be returning to normal by the end of the 1 h post-exercise period after the 15 and 30 min of exercise trials (Figure 1) . However, at the end of monitoring following 45 min of exercise, SBP was declining.
DBP was significantly (F(6,72) = 6.04, P Ͻ 0.01) reduced between 30 and 45 min post-exercise with the largest decrement of 4.6 mm Hg 45 min after the cessation of exercise (71 ± 9 vs 66 ± 9). This was independent of exercise duration.
MAP showed significant (F(6,72) = 11.14, P Ͻ 0.01) decrements between 30 and 60 min post-exercise. The maximal drop in MAP occurred 45 min post-exercise and was ෂ7 mm Hg (86 ± 10 vs 79 ± 10). Again, this reduction was independent of exercise duration.
Heart rate was greater (F(2,24) = 4.61, P = 0.02) during the 30 min of exercise trial compared to the 
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15 min of exercise trial. There was no difference in heart rate between the 30 and 45 min of exercise trial. Across all trials, heart rate was elevated (F(6,72) = 72.07, P Ͻ 0.01) to 96 (±12) beats per min (bpm) at 5 min post-exercise above the resting value of 70 (±9) bpm and steadily declined until 60 min post-exercise, at which point it had returned to preexercise levels. V O 2 was elevated (F(6,72) = 20.60, P Ͻ 0.01) for 5 min post-exercise in all three trials and had returned to pre-exercise values by 10 min post-exercise. During the 45 min trial, haematocrit (Hct) increased (F(9,81) = 11.22, P Ͻ 0.01) above pre-exercise values during the initial 15 min of exercise (45.3 ± 1.8% vs 48.7 ± 1.9%). This haemoconcentration persisted until 5 min post-exercise (47.8 ± 1.9%), but thereafter Hct did not differ from pre-exercise values.
Study No. 2-The effects of 10 and 30 minutes of exercise
The blood pressure response following exercise is illustrated in Figure 2 . SBP was significantly (F(6,42) = 5.01, P Ͻ 0.01) lower than baseline for the entire hour post-exercise. Although the decline in SBP tended to be greater at all time points following the 30-min trial, this difference was not statistically significant (F(6,42) = 1.88, P Ͼ 0.05). The maximum decrease in SBP was 14 mm Hg at 15 min post-exercise (133 ± 8 vs 119 ± 14). DBP was reduced (F(6,42) = 2.76, P = 0.02) at 5 min and 15 through 45 min post-exercise. The nadir for DBP was~8 mm Hg lower than baseline (79 ± 11 vs 71 ± 10) and occurred at 15 min post-exercise. Again, although the decline in DBP tended to be greater following the 30-min trial, this was statistically independent of exercise duration (F(6,42) = 1.00, P Ͼ 0.05. MAP was below (F(6,42) = 3.35, P Ͻ 0.01) pre-exercise values for the entire hour post-exercise, with the greatest reduction occurring at 15 min post-exercise (96 ± 0.7 vs 86 ± 12 mm Hg). Heart rate remained significantly elevated (F(6,42) = 64.44, P Ͻ 0.01) during the whole post-exercise period. Although there were slight differences in post-exercise heart rate between trials, these were not significant. V O 2 was not different between trials and was elevated (F(6,42) = 16.19, P Ͻ 0.01) for 10 min post-exercise. Thereafter it had returned to pre-exercise values.
Discussion
These studies have documented that the duration of exercise does not play a significant role in determining the occurrence or the magnitude of PEH. The initial study indicated that each of 15, 30 and 45 min of cycle ergometry at 70% V · O 2 Peak elicit a similar hypotensive response in healthy young men. The second study found that 10 min of exercise is also sufficient to cause PEH. This is contradictory to earlier work by Bennett et al, 4 who suggested that, as the duration of the exercise increased, so did the magnitude of the hypotension. In their study, postexercise blood pressure was measured during a 3-min rest period between 10-min bouts of exercise, thus making it difficult to compare their data with those of the present study. We did, however, observe in both of the present studies that blood pressure was more stable or still declining at the end of the 1 h measurement period following the longer duration of exercise (ie, 45 min in study 1 and 30 min in study 2) whereas it was increasing after the shorter exercise bouts. Thus, it is possible that the duration of exercise may affect the duration of the hypotension. Further work will be needed to investigate this possibility.
Our findings lend support to the numerous studies that have found PEH to occur following a variety of exercise durations [6] [7] [8] [9] [10] and suggest that moderate intensity exercise of relatively short duration (ie, 10 min) is sufficient to evoke a hypotensive response.
A number of previous studies have indicated that PEH does not occur in a normotensive population. 5, [8] [9] [10] 13 The initial investigation here, as well as previous work from our laboratory 6 has shown that normotensive individuals do experience decrements in resting pressure after an acute bout of exercise. However, subjects in study 2 of the present investigation had higher resting blood pressure and the magnitude of their post-exercise hypotension was greater than the subjects in study 1. This is in agreement with the literature suggesting that the hypotension following exercise is greater in those individuals with higher initial blood pressure. 14 In study 1, the fact that heart rate was elevated during the 30-min trial as compared to the 15-min trial was most likely attributable to cardiac drift and the proportion of time required to reach steady-state in each trial.
Since haematocrit had returned to resting levels by 10 min post-exercise and the hypotension persisted well beyond that time in both studies, a shift of plasma volume causing a decreased total blood volume and subsequent drop in pressure does not appear to be responsible for the PEH. We have also examined the possibility that a static body position alone (ie, independent of exercise) may have contributed to the PEH which is observed following exercise. Using both Finapres and intra-arterial monitoring of blood pressure, we have concluded that 75 min of quiet sitting on its own, when not preceded by exercise, has no effect on resting blood pressure (MacDonald JR and MacDougall JD, unpublished observation). 6 The present study has documented that 10 min of exercise is sufficient to elicit post-exercise hypotension. Although more work is required to determine the duration of the post-exercise hypotension with each exercise duration, it appears that only a brief duration of exercise may act as a non-pharmacological aid to hypertension.
